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© Disclosed is a process for oxidizing ethane to acetic acid which comprises feeding ethane and a recycle gas 
to a fluidized bed reaction zone containing fluidized particulate solid oxidation catalyst, feeding a molecular 
oxygen-containing gas separately from said ethane to said reaction zone so that said molecular oxygen- 
containing gas first mixes with the major portion of the combustible hydrocarbon feed gases within the fluidized 
bed, said process including the steps of (1) cooling the gaseous effluent from the reaction zone, (2) separating 
most of the acetic acid in liquid form from the effluent gases, leaving a gaseous stream containing nearly all of 
the carbon oxides contained in said effluent, (3) purging a small portion of said gaseous stream and recycling 
most of said gaseous stream as part of the feed to said reaction zone, 

wherein said purging serves to prevent build-up of carbon oxides in the reaction zone, and said recycling 
serves to maintain a high proportion of carbon oxides in said reaction zone gases, thus aiding in moderating the 
temperature elevating effect of the highly exothermic oxidation reaction in said reaction zone. 
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This invention relates to an improved process for the oxidation of ethane to acetic acid. 

The use of catalyst systems for the gas phase oxidation (dehydrogenation in the presence of oxygen) of 
ethane to ethylene and acetic acid has been known. In 1978, Union Carbide Corporation published a report 
in the Journal of Catalysis describing a fixed bed ethane oxydehydrogenation to ethylene process. Several 
5 U.S. patents (4,250,346, 4,524,236, 4,568,790, 4,899,003 and 4,596,787) have been granted on low 
temperature oxydehydrogenation of ethane to ethylene. An envisioned commercial process is shown in an 
article in The Arabian Journal for Science and Engineering, Vol 10. No 4, pp. 353-360, by Brockwell and 
Kendall, as well as in 4,899,003. Acetic acid was a reported co-product of the Union Carbide process. 

Some of these Carbide references mention feed diluents, such as nitrogen or carbon oxides, but none 
10 of the references suggests (1) first mixing oxygen and ethane within a fiuidized bed reactor (2) recycling 
most of the reactor effluent, after separation of product acetic acid, to the reactor to help control the 
temperature rise caused by a highly exothermic oxidation reaction by maintaining a high concentration of 
carbon oxide diluents in the reactor and (3) purging a small portion of the reactor effluent remaining after 
removal of acetic acid product to prevent continual build-up of carbon oxides in the system and at the same 
is time obviating the separation of carbon oxides from ethylene, etc., including the very costly cryogenic 
separation of carbon monoxide. 

Most of the references do not even show an overall plant processing scheme, but the Brockwell and 
Kendall publication shows on page 353 an overall flow chart in which C0 2 and CO are separately removed 
and only unreacted ethane is recycled to the reactor. The same is true of U.S. patent 4,899,003. Of course 
20 in the various Carbide publications, the main product is ethylene and acetic acid is only a by-product 

It is an object of the present invention to provide an improved, economical process for the production of 
acetic acid by the catalytic oxidation of ethane. 

Other objects, as well as aspects, features and advantages, of the present invention will become 
apparent from the disclosure which follows: 
25 In accordance with the present invention there is provided a process for oxidizing ethane to acetic acid 
which comprises feeding ethane and a recycle gas to a fiuidized bed reaction zone containing fiuidized 
particulate solid oxidation catalyst, feeding a molecular oxygen-containing gas separately from said ethane 
to said reaction zone so that said molecular oxygen-containing gas first mixes with the major portion of the 
combustible hydrocarbon feed gases within the fiuidized bed, said process including the steps of (1 ) cooling 
30 the gaseous effluent from the reaction zone, (2) separating most of the acetic acid in liquid form from the 
effluent gases, leaving a gaseous stream containing nearly all of the carbon oxides contained in said 
effluent, (3) purging a small portion of said gaseous stream and recycling most of said gaseous stream as 
part of the feed to said reaction zone, 

wherein said purging serves to prevent build-up of carbon oxides in the reaction zone, and said 
35 recycling serves to maintain a high proportion of carbon oxides in said reaction zone gases, thus aiding in 
moderating the temperature elevating effect of the highly exothermic oxidation reaction in said reaction 
zone. 

Compared to prior art processes for oxidation of ethane to acetic acid as the prime product, the present 
process makes it possible readily to carry out such reaction in a single step in a single reaction zone or 
40 reactor in an economic manner which provides for the heat transfer requirements of this highly exothermic 
reaction. 

The present invention utilizes the heat transfer advantages of a fiuidized bed reactor, aided by the 
dilution effect of the recycled carbon oxides, for the essentially isothermal reaction of ethane to acetic acid. 
Internal cooling coils within the fiuidized bed can maintain the desired reaction temperature and can be 

45 used to generate utility steam. The backmixing characteristics of a fiuidized bed reactor enhances the 
selectivity of conversion to acetic acid in preference to ethylene. Most important is that all mixing of highly 
exothermically reacting ethane with molecular oxygen takes place within the fiuidized bed where oxygen, as 
well as the ethane, are diluted by the solid catalyst and by the relatively inert recycle gas stream, thus 
allowing the use of higher concentrations of oxygen within the bed than would be safe were the feed and 

so oxygen pre-mixed before being introduced into the reaction zone. Moreover, as the reaction is oxygen 
limited, the increased oxygen feed to the reactor provides for potentially higher ethane and ethylene 
conversions than can be achieved with a fixed bed reactor. 

The purge prevents build-up of inerts within the process, carbon dioxide removal and low temperature 
(cryogenic) gas separation systems are not required. This elimination of costly carbon dioxide removal 

55 equipment and the elimination of even more costly cryogenic carbon monoxide separation equipment 
results in substantial process cost reduction. 

The pressure utilized in the fiuidized bed reaction zone is usually from 250 to 450 psig, and the reaction 
zone temperature is usually from 200 to 400 *C. 
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Figure 1 represents one arrangement of apparatus for carrying out the process of invention. Ethane 
feed in line 1 is joined by a recycle stream containing water, CO, CO2, O2, ethylene and ethane in tine 2, 
and the combined stream is fed to fluidized bed reactor 13 containing a fiuidized bed of particulate catalyst. 
Separately, a molecular oxygen-containing stream through line 3 and steam through line 4 are introduced 

5 into the fluidized bed. The hot oxidation product effluent flows through line 5 through steam generator heat 
exchanger 14, and coolers 15 and 16 and air cooler 17 to separator drum 18. The partially condensed 
effluent from 17 flows into 18 from which liquid comprising water and acetic acid flows through line 6, pump 
19 and line 10 to heat exchanger 20. 

The overhead gaseous effluent in line 7 from knockout drum 18 enters the lower end of absorption 

10 column 21 . The stream in line 6 is mainly acetic acid and water vapors. Most of the acetic acid entering 21 
is absorbed by the water countercurrently flowing in 21 and introduced through line 8. The aqueous acid 
stream leaves the bottom of 21 and is conveyed by pump 22 through line 10 where it is joined by the 
aqueous acid stream in line 6 and passes through 20 and thence to flash separator 23 through valve 26. 
The bulk of the acetic acid in water is pumped from the bottom of the separator 23 by pump 24 through 

15 line 12 as product. A small purge stream exits 23 through line 12 and is mainly C0 2 - 

The gaseous effluent from the top of absorber 21 comprising mainly CO, CO2, water and ethane is 
recycled to the reactor 13 by compressor 25 through line 2. A small portion of such effluent, usually 0.4 
weight percent to 3 weight percent, is purged from the system through line 9. 

The particular heat exchangers are not part of the invention, except to the extent that 14, 15, 16 and 17 

20 is simply one illustration of apparatus for effecting the step of the claims of "cooling the gaseous effluent". 
Exchangers 14, 15, 16 and 20 are indirect heat exchangers in which the cooling fluid entering is water, 
while indirect heat exchanger 17 is an air cooler. Moreover, the fluidized bed in reactor 13 contains cooling 
coils (not shown) in the bed into which water is introduced and from which steam exits. In the arrangement 
shown 14 also produces steam. Such steam can be utilized to generate power or in any other suitable way. 

25 In a specific example of the process of the present invention, the catalyst in the fluidized bed in reactor 
13 has the empirical formula: 

Mo0.37Re0.25V0.26Nb0.07Sb0.03Cao.02Ox 

30 This catalyst is made in the manner described for Catalyst (VIII) in EPA 407,091 (Kitson). This specific 
example is summarized in Table 1 wherein the stream numbers are the same as the numbers in the lines in 
Figure 1, and the process is operated according to the description of Figure 1. In this example the 
temperature in the fluidized bed in reactor 13 is about 500 4 C. and the pressure in the bed is about 400 
psig. The internal diameter of the reactor 13 is 17 feet. Table 1 also shows the temperatures and pressures 

35 in lines 1 through 12. The amounts in Table 1 are all in lb. moles/hour. 
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TABLE 1 
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30 



Strsam No. 
Stream Nine 


1 

Ethane 
Feed 


2 

Recy c 1 e 
Gas 


3 

Oxygen 
Feed 


4 

Process 
Water 


5 

Reactor 
Effluent 


6 

Separ ato 
Bottoms 


Component 














Wat*r 


0 


2064.5 


0 


710.2 


4041.1 


1395. 5 


carbon Monoxide 


0 


6514.7 


0 


0 


6588.0 


2 . 0 


Carbon Dioxide 


0 


10597 


0 


0 


10751 


19.7 


Oxygen 


0 


B . 4 


1769.2 


0 


8 . 5 


0 


Ethyl ene 


21 . S 


8 3.1 


0 


0 


84 . 0 


0 .006 


Ethane 


1074.0 


326 1.5 


0 


0 


3295.0 


0.11 


Acetic Acid 


0 


1 . 1 


0 


0 


944 .6 


445.0 


Ethanol 


0 


1 . 9 


0 


0 


3 . 2 


0 . 3B 


Ethyl Acetate 


0 


a . 7 


0 


0 


10.2 


0 . 59 


Temperature (F I 


100 


27 3 


100 


267 


500 


280 


Pressure (psig > 


400 


400 


400 


400 


400 


363 


St ream No . 
Stream Nans 


7 

overhead 


8 

Water 


9 

Gas Purge 


10 

Acid 


11 

Product 
Pu r ge 


12 

Produet 


Component 














Water 


2645.6 


6663.4 


20.8 


8619 .1 


4 . 7 


8614 . 4 


Carbon Monoxide 


6586 . 0 


0 


65.8 


7 . 4 


7 . 2 


0.18 


Carbon Dioxide 


1 0732 


0 


107.0 


46.9 


39 . 2 


7 . 6 


Oxygen 


a . 5 


0 


0 . 08 


0 .001 


0.001 


0 


Ethyl ene 


84.0 


0 


0.84 


0.029 


0.029 


0 


Ethane 


3294.9 


0 


3 2.9 


0 .52 


0,52 


0.003 


Acetic Acid 


499 .6 


0 


0.011 


943.5 


0.34 


943 .1 


Ethanol 


2 . 8 


0 


0 . 0 2 


1.19 


0.006 


1 . 2 


Ethyl Acetate 


9.6 


0 


0.08 


1.41 


0.039 


1 . 4 


Temperature (F> 


280 


100 


2 55 


2 78 


114 


114 


Pressure ( ps i g ) 


378 


388 


3 73 


3 8 3 


0 


7.056 



45 

It will be seen from this example that the ultimate yield of acetic acid in this recycle process, based on 
fresh ethane plus ethylene fed to the reactor, is very high, even with the losses which occur because of the 
purge stream. 

Other ethane oxidation catalysts useful in the process of this invention include for example the catalysts 
so of the aforesaid EPA 407,091 and the catalysts disclosed in U.S. patent 4,250,346. 

As will be evident to those skilled in the art, various modifications of this invention can be made or 
followed in the light of the foregoing disclosure and discussion without departing from the spirit and scope 
of the disclosure or from the scope of the claims. 

55 Claims 

1. A process for oxidizing ethane to acetic acid which comprises feeding ethane and a recycle gas to a 
fluidized bed reaction zone containing fluidized particulate solid oxidation catalyst, feeding a molecular 

4 
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oxygen-containing gas separately from said ethane to said reaction zone so that said molecular 
oxygen-containing gas first mixes with the major portion of the combustible hydrocarbon feed gases 
within the fluidized bed, said process including the steps of (1) cooling the gaseous effluent from the 
reaction zone, (2) separating most of the acetic acid in liquid form from the effluent gases, leaving a 
gaseous stream containing nearly ail of the carbon oxides contained in said effluent, (3) purging a small 
portion of said gaseous stream and recycling most of said gaseous stream as part of the feed to said 
reaction zone, 

wherein said purging serves to prevent buiid-up of carbon oxides in the reaction zone, and said 
recycling serves to maintain a high proportion of carbon oxides in said reaction zone gases, thus aiding 
in moderating the temperature elevating effect of the highly exothermic oxidation reaction in said 
reaction zone. 

A process of claim 1 wherein the pressure in the fluidized bed reaction zone is in the range from 250 to 
450 psig. 

A process of claim 2 wherein the temperature in the fluidized bed reaction zone is in the range from 
200 to 400 * C. 
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